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Oxidative Lactam Opening

Lactam
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3 (9 mol%),
K,CO3 (1.6 equiv),
MeCN (7.0 equiv),
H,0, (7.1 equiv, 30%), e}

> HOMNOZ

{AmylOH/H,O (1:1), rt., 24 h

2
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C. Annese, L. D’Accolti, R. Filardi, I. Tommasi, C. Fusco, Tetrahedron Lett. 2013, 54, 515-517.



Oxaziridine

Synthesis of Oxaziridines 3
O
HN
CF;
O
3

DMAP (14 mol%),

K,COj3 (1.6 equiv), 3 (9 mol%),

Ac,0 (1.8 equiv), Ac MeCN (7.1 equiv), Ac

\ . N\
o TEA (1.8 equiv), o] H,O, (7.1 equiv, 30%), 0O
EZfNH N g %

tAmyIOH, rt., 3 h N Hzo, r.t., 21h N

1 4 0% 5

K. R.Shah, C. D. Blanton, J. Org. Chem. 1982, 47, 502-508; D. Thomas, D. H. Aue, Tetrahedron Lett. 1973, 14, 1807-1810.



Sulfoxidation

Advantage of Sulfur 4
C) .
S Oxidation 9 o) o@ s Oxidation Ny
RN, ———> _S. or é or /‘S~‘\ —— R/S\
R4 R/@\R1 R"® R4 R
6 7 8

R, R4 = aliphatic, aromatic




Organocatalytic Syntheses

Sulfoxidation

9 (1 mol%),

NH,NH,* H,O (1.0 equiv),

10

10 (1 mol%),
TBHP (1.2 equiv),

(\S 0, (1.0 atm),
P

0
Me

N OH
o)\H
12

12 (20 mol%),

Me/s\© H,0, (1.2 equiv),
DCM, 40 °C, 24 h

97%

DCM, rt., 16 h
s CF4CH,OH, 35 °C, 2 h f
99%
97%
ok
0 o)
o Y o
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11 (30 mol%),
Oxone (1.38 equiv),
K,CO3 (5.8 equiv),

0

buffer, MeCN/DMM (1:2),
0°C,2h

©
o)
S By
’Bu/%\s/

conv. >98%
ee 72%

Y. Imada, H. lida, S. Ono, S.-l. Murahashi, J. Am. Chem. Soc. 2003, 125, 2868-2869; A. Russo, A. Lattanzi, Adv. Synth. Catal. 2009, 351,
521-524; S. Colonna, V. Pironti, J. Drabowicz, F. Brebion, L. Fensterbank, M. Malacria, Eur. J. Org. Chem. 2005, 1727-1730; S. Wei, K. A.

Stingl, K. M. Weil3, S. B. Tsogoeva, Synlett 2010, 707-711.



Application — Glycosulfoxides

Sulfoxidation
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(a) M. C. Aversa, A. Barattucci, P. Bonaccorsi, Tetrahedron 2008, 64, 7659-7683; (b) R. L. Whistler, T. V. Es, R. M. Rowell, J. Org. Chem. 1965, 30,
2719-2721; (c) V. Aucagne, M. C. Aversa, A. Barattucd, P. Bonaccorsi, P. Giannetto, P. Rollin, A. Tatibouét, J. Org. Chem. 2002, 67, 6925-6930; (d)

U. Grabowska, D. A. MacManus, K. Biggadike, M. I. Bird, S. Davies, T. Gallagher, L. D. Hall, E. N. Vulfson, Carbohydrate Research 1997, 305, 351-

361



Synthesis of Target Molecules

7 Sulfoxidation

o
R

16a: Me
16b: OMe
16¢c: CN

@S\

16d

TMSCI (1.0 equiv),
H,O, (2.0 equiv),

. S
MeCN, r.t.
R

17a: Me
17b: OMe
Product t[h] Yield [%] 17¢c: CN
17a 17 61
17b 7 86
17c 6.5 82
mCPBA (2.2 equiv), O\\S’/O
- ~
DCM, rt., 3 h ©/
85% 18d

K. Bahrami, M. M. Khodaei, B. H. Yousefi, M. S. Arabi, Tetrahedron Lett. 2010, 51, 6939-6941; G. Barbarella, A. Bongini, C.
Chatgilialoglu, S. Rossini, V. Tugnoli, J. Org. Chem. 1987, 52, 3857-3860.



Sulfoxidation

Dioxirane-Based Version 8

S O

o HO_ _O
> é@ + //S\\
R R, 00

B. Yu, A.-H. Liu, L.-N. He, B. Li, Z.-F. Diao, Y.-N. Li, Green Chem. 2012, 14, 957-962.



Sulfoxidation

Dioxirane-Based Version 9

Ph
0 4 O
N OM
N \)J\N ¢
H o ~_ " o

FsC
O 19
19,
H,0, (5.0 equiv), O
©/S\ MeCN §\
PhCH,, T, t ©/
16d 17d

19 MeCN Toluene T t Conv.to17d® Conv. to 18d

[mol%]  [mL] [mL] [°C] [h] [%] [%]
7.5 1.60 - rt. 24 89 Traces
10 1.60 - rt. 24 93 1
10 3.20 - rt. 49 98 Traces
10 0.800 - rt. 24 95 5
10 1.60 - 0 46 32 1
10 0.800 0.800 rt. 24 96 2
10 0.100) 1.50 rt. 48 85 15

(a); Conversion was determined using chiral GC without an internal standard;
(b): Corresponds 5.0 equiv of MeCN.




Dioxirane-Based Version 10 Sulfoxidation

Ph
0 e
N\)J\ OMe
N <N
H o ~_" o

O 19

FsC

19 (10 mol%), o
H,0O, (5.0 equiv),

S\ . S\
MeCN, r.t., t
R R

16a: Me 17a: Me
16b: OMe 17b: OMe
16¢c: CN 17c: CN

Sulfide t Conv.to17@ Conv.to 180

[h] [%] [%]
16a 24 >99 Traces
16b 24 guant. Traces
16¢ 48 80 Traces

(@): Conversion was determined using chiral GC without aninternal standard.




Sulfoxidation

Peracid-Based Version 11
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B. Yu, A.-H. Liu, L.-N. He, B. Li, Z.-F. Diao, Y.-N. Li, Green Chem. 2012, 14, 957-962.



Peracid-Based Version

12

Sulfoxidation

@S\

16d
Cat. Oxidizer
- mCPBA
benzoic acid H,0,
mCBA H,0,

phthalic acid H,0,
phthalic acid H,0,
phthalic acid H,0,
phthalic acid H,0,

- H,0,

cat. (10 mol%),

H,0, (5.0 equiv), DIC

or

mCPBA (1.1 equiv),

DIC

[equiv]
1.1
1.1
1.1
1.1
2.5
5.0
1.1

solvent, r.t., t

Solvent(@

CH,Cl,
CH,Cl,
CH,Cl,
CH,Cl,
CHCI,
CHCl,
CHCI,
CH,Cl,

t[h] Conv.to 17d® Conv.to 18d(*)

1
48
48
48
24

4

3
48

[%]
94
30
25
90
98
98
95
6

[%]
6
0
0
0
2
Traces
3
0

(@) Reaction performed in 1.60 mL solvent; (): Conversion was determined
using chiral GC withoutan internal standard.




Peracid-Based Version

Sulfoxidation

13

20 [mol%] Solvent [mL]

10
10
10
10
5
2.5
1
2.5
2.5

[::I/S\\

16d

CHCI, (1.6)
CHCI, (1.6)
PhCH, (1.6)
PhCH; (1.6)
CHCI, (1.6)
CHCI, (1.6)
CHCI, (1.6)
CHCI, (1.6)
CHCI, (0.8)
CHCI, (3.2)

BocHN

O Oﬁ
HO
) O
20
20,
H,O, (5.0 equiv), ')
DIC (2.5 equiv), A

solvent, T, t

t[h] T[°C] Conv.to 17d@[%] Conv.to 18d(®[%]

3 r.t. 96 4

4 0 96 2

7 r.t. 76 15
25 0 68 13

1 r.t. 97 2

2 r.t. 97 1

5 r.t. 89 0

5 r.t. 2 0

2 r.t. 95 Traces
8 r.t. 97 2

(@); Conversion was determined using chiral GC without aninternal standard.

Catalyst synthesized by Sascha Combe.



Peracid-Based Version

14 Sulfoxidation

Sulfide

16a
16b
16c¢

BocHN
0O Oﬁ
HO
o) (@)
20

20 (2.5 mol%),
H202 (50 GQUiV),
DIC (2.5 equiv),

- S
CHClj, rit.
R

Conv. to 17 Conv. to 18()

[h] [%] [%]
guant. Traces
guant. Traces

24 67 Traces

(a): Conversion was determined using chiral GC without aninternal standard.

Catalyst synthesized by Sascha Combe.



Peracid-Based Version

15

Sulfoxidation

o Ph H,O, (5.0 equiv), 0
i P LWOMe S DIC (2.5 equiv), i
o
Ph CO,H CHClj, rt., t
z 16d 17d
h O
Boc/N\Y/ﬂ\N
:H
Cy//
o) o]
Boc/n\.)kN H,JkOMe
S oH o <
HO,C Cy
22
Cat. t[h] Conv.to 17d(®[%] Conv.to 18d(2)[%)]
21 24 31 0
22 24 16 Traces
23 24 20 0
24 7 94 Traces
o 4 O Ph 25 24 91 2
O)LH N%”Lﬁom 26 7 89 Traces
HO,C O A © 27 24 97 3
23 (@) Conversion was determined using chiral GCwithout an internal standard.

cat. (2.5 mol%),

Boc.

NH O
© OH
NH

O:NH
oAy
O

HN.
Boc

O%HMOH
B (0]

26
Boc..
°°NH o
o)
Ao,
Phj,NH
Ph” “NH
S OH
o) \[r
HN._ O
Boc
27

Catalysts synthesized by Dominik Niedek.



Sulfoxidation

Cooperative Catalysis 16

I I R R _S. R. .R
b & 1 e v
| 7\ (I; (I;@
Y
S H O
Ry )J\N,R S
I I R. /U\ .R
H H N™ "N" Hso
| |@ | | 4
o 8
® 0O @ ©
PTC X PTC HSO;s
\ /‘ organic phase
N solid phase
KHSO, KX

* Reaction parameters: thiourea, PTC, counterion, solvent, and addition of water
* Inhibitionvia thiourea catalysts

* Sulfoxidation observable, but concept does not work

B. Yu, A.-H. Liu, L.-N. He, B. Li, Z.-F. Diao, Y.-N. Li, Green Chem. 2012, 14, 957-962.



Phase Transfer Catalysis 17

Sulfoxidation

=
OMe
N ©

@ Br
| Xy oHPh
N .~
28

28 (20 mol%), 0

©/S\ Oxone (1.0 equiv) 2
O

16d 17d

* Reaction parameters: solvent and addition of water
* Productis not formed enantiomerically enriched

* Uncatalyzed reaction




Thiourea Catalysis

18

Sulfoxidation

CF5 CF;

F,C CF;

A. Russo, A. Lattanzi, Adv. Synth. Catal. 2009, 351, 521- 524; catalysts synthesized by Katharina Lippert.



Thiourea Catalysis 18 Sulfoxidation

CF CF 10 resp. 29 (1 mol%), m N CF3
° 3 TBHP (1.2 equiv), o NH
S S r.t. g Sé/\
J > ~ NH CF,
F4C CF, R R = Me, OMe, CN, H -

10 16 17 29

R Cat. Solvent t Conv.to17©® Conv.to 18

[h] [%] [%]

Me 10 DCM 53 93 7(0)
Me 29 DCM 54 91 9(b)
OMe 29 DCM 52 97 3(b)
CN 29 DCM 51 91 6(0)

H 29 DCM 51 99 1(b)
Me 29 PhCH; 48 79 2(0)
Me 29 CHCl; 26 /3 27
Me - DCM 50 38 Traces(®

(a); Conversion was determined using chiral GC without an interal standard;
(b): |dentification of the sulfones 18 via GC-MS.

A. Russo, A. Lattanzi, Adv. Synth. Catal. 2009, 351, 521- 524; catalysts synthesized by Katharina Lippert.



Summary

19

Oxidative lactam opening did not work

Synthesis of oxaziridinesdid not work

Three feasible optimized protocols for monooxidation of sulfides

Catalyst loading
Solvent
Oxidizer

Temperature

Additive

Dioxirane-based

sulfoxidation
10 mol%
MeCN (1.6 mL)
H,0, (5.0 equiv)
r.t.

Peracid-based

sulfoxidation
2.5 mol%
CHCI; (1.6 mL)
H,0, (5.0 equiv)
r.t.

DIC (2.5 equiv)

Thiourea-based

sulfoxidation
1 mol%
DCM (0.400 mL)
TBHP (1.2 equiv)

r.t.




Outlook 20

e Further substrates

R
MeO Se_
\©/ RS~ SEJS pr-og”
R = Et, Bu, allyl R =H, Me, Ph
 Modification of the catalytic moiety
o) o)
o (1) Red o H H
R1O)K(N\R2 (2) Ox R1O)K[N‘R2 TMSCF;  Rlg “R2 ox RO “R2
OTMS o)
CO,H CHO CF, CF,
* Further catalysts
o) S
eptide H ) BF4
peptide.. | “peptide OYpeptide\fO y | g\j
© OH OH : /N# z
peptide N
CF, 0

D. K. Romney, S. J. Miller, Org. Lett. 2012, 14, 1138-1141; P. Ménova, F. Kafka, H. Dvofakovd, S. Gunnoo, M. Sanda, R. Cibulka, Adv.
Synth. Catal. 2011, 353, 865-870; pyrazinium catalyst synthesized by Dominik Niedek.



Outlook 21

Sulfoxidation Epoxidation
aco, LN
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